Background Genome-wide association studies focusing on European-ancestry populations have identified ALL risk loci on IKZF1, ARID5B, and CEBPE. To capture the impacts of these genes on ALL risk in the California Hispanic population, we comprehensively assessed the variation within the genes and further assessed the joint effects between the genetic variation and surrogates for early-life infections (the presence of older siblings, daycare attendance, and ear infections). Methods Genotypic data for 323 Hispanic ALL cases and 454 controls from the California Childhood Leukemia Study were generated using Illumina OmniExpress v1 platform. Logistic regression assuming a log-additive model estimated odds ratios (OR) associated with each SNP, adjusted for age, sex, and the first five principal components. In addition, we examined potential interactions between six ALL risk alleles and surrogates for earlylife infections using logistic regression models that included an interaction term. Results Significant associations between genotypes at IKZF1, ARID5B, and CEBPE and ALL risk were identified: rs7780012, OR 0.50, 95 % confidence interval (CI) 0.35-0.71 (p = 0.004); rs7089424, OR 2.12, 95 % CI 1.70-2.65 (p = 1.16 9 10 -9 ); rs4982731, OR 1.69, 95 % CI 1.37-2.08 (p = 2.35 9 10 -6 ), respectively. Evidence for multiplicative interactions between genetic variants and surrogates for earlylife infections with ALL risk was not observed. Conclusions Consistent with findings in non-Hispanic White population, our study showed that variants within IKZF1, ARID5B, and CEBPE were associated with increased ALL risk, and the effects for ARID5B and CEBPE were most prominent in the high-hyperdiploid ALL subtype in the California Hispanic population. Results implicate the ARID5B, CEBPE, and IKZF1 genes in the pathogenesis of childhood ALL.
Abstract Background Genome-wide association studies focusing on European-ancestry populations have identified ALL risk loci on IKZF1, ARID5B, and CEBPE. To capture the impacts of these genes on ALL risk in the California Hispanic population, we comprehensively assessed the variation within the genes and further assessed the joint effects between the genetic variation and surrogates for early-life infections (the presence of older siblings, daycare attendance, and ear infections).
Methods Genotypic data for 323 Hispanic ALL cases and 454 controls from the California Childhood Leukemia
Study were generated using Illumina OmniExpress v1 platform. Logistic regression assuming a log-additive model estimated odds ratios (OR) associated with each SNP, adjusted for age, sex, and the first five principal components. In addition, we examined potential interactions between six ALL risk alleles and surrogates for earlylife infections using logistic regression models that included an interaction term. Results Significant associations between genotypes at IKZF1, ARID5B, and CEBPE and ALL risk were identified: rs7780012, OR 0.50, 95 % confidence interval (CI) 0. 35 
Introduction
Leukemia is the most common malignancy under the age of 15, accounting for 31 % of all cancer cases [1] . Several risk factors for acute lymphoblastic leukemia (ALL) have been established, including sex, age, race, prenatal exposure to X-rays, therapeutic radiation, and specific genetic syndromes [2] . Direct evidence for inherited genetic susceptibility is demonstrated by the high risk of ALL associated with Bloom's syndrome, neurofibromatosis, ataxia telangiectasia, and constitutional trisomy 21 [3] . These predisposing disorders only account for \5 % of all diagnosed cases. Most genetic association studies of ALL have focused on candidate genes, primarily those implicated in the metabolism of carcinogens, folate metabolism, immune function, and cell-cycle regulation [4, 5] . Recent genomewide association studies (GWAS) have identified common genetic variation near IKZF1 (7p12.2), ARID5B (10q21.2), and CEBPE (14q11.2) that influences ALL risk in nonHispanic White populations [6] [7] [8] [9] . However, only one study has explored these loci in Hispanic populations using a genome-wide approach [9] . Given the observation of high childhood ALL incidence in California Hispanics, understanding the influence of variants within these genes with comprehensive adjustment for genetic ancestry is important for characterizing the relationship between candidate loci and ALL, and furthering our understanding of disease pathogenesis.
Epidemiologic studies have provided indirect evidence for an infectious etiology of ALL, though no direct evidence has been shown [10] . Greaves hypothesizes that the absence of an early immune challenge and priming during early childhood combined with ''delayed'' exposures to infection might subsequently result in adverse immune responses to common infectious agents, thereby increasing the risk of childhood ALL [10] . This suggests that exposure to infections early in life may provide a protective effect of childhood ALL compared to children who lack such exposure. Associations of ALL have been observed with proxy measures of exposure to infections including daycare attendance [11] [12] [13] [14] , birth order [15, 16] , and child's history of infections [17, 18] . The most compelling evidence regarding the relationship between early-life infection and development of childhood ALL is from studies of daycare attendance, which is considered a surrogate for exposure to multiple microbial agents [19] . The results from a recent meta-analysis of published studies conducted by Urayama et al. [13] showed a significantly reduced ALL risk for children who attend daycare facilities among non-Hispanic Whites.
Ethnic differences in the risk of ALL are well recognized as the incidence of ALL is nearly 20 % higher among Hispanics than non-Hispanic Whites in California [20] . This higher risk is possibly due to an increased prevalence of ALL risk alleles in populations with Native American ancestry, as well as ethnic differences in exposure to environmental risk factors [10, 21] . In the current study, we examine associations between ALL risk in Hispanic children and genetic variation in candidate B-cell development genes previously linked to ALL risk in GWAS of non-Hispanic White populations (IKZF1, ARID5B, and CEBPE). We further investigate potential interactions between these genetic variants and surrogates for early-life exposure to infections, including the presence of older siblings, daycare attendance, and ear infections during infancy, in California Hispanics.
Materials and methods

Study populations
The California Childhood Leukemia Study (CCLS) is a population-based case-control study which began in 1995. Incident cases of newly diagnosed childhood leukemia (age 0-14 years) were rapidly ascertained from major clinical centers in the study area, usually within 72 h of diagnosis. Cases were initially identified from four hospitals (later expanded to nine) in the San Francisco Bay Area and Central Valley. For each case, one or two healthy controls matched on child's age, sex, Hispanic status (a child is considered Hispanic if either parent is Hispanic), and maternal race (White, Black, Asian/Pacific Islander, Native American, and Other/Mixed) were randomly selected from the state birth registry maintained by the Center for Health Statistics of the California Department of Public Health (CDPH). A detailed description of control selection in the CCLS has been previously reported [22] . A total of 86 % of case subjects determined eligible consented to participate, and 86 % of control subjects participated among those contacted and considered eligible [23] .
Cases and controls were eligible to enter the study if they were under 15 years of age, resided in the study area at the time of diagnosis, had at least one parent who speaks either English or Spanish, and had no prior history of malignancy. The current analysis included 777 Hispanics (323 cases and 454 controls) in the CCLS who consented to participate and were interviewed between 1995 and 2008, and for whom archived newborn blood (ANB) spots were available.
Immunophenotype was determined for ALL using flow cytometry profiles (CD10 and CD19 for B-cell lineage) [24] . When fluorescence in situ hybridization (FISH) assays conducted at University of California Berkeley identified extra copies of chromosomes 21 and X, assignment of high-hyperdiploid status (51-67 chromosomes) was made [24] .
This study was reviewed and approved by the institutional review committees at the University of California Berkeley, the CDPH, and the participating hospitals. Written informed consent was obtained from all parent respondents.
Genotyping and quality control
Samples were genotyped at the Genetic Epidemiology and Genomics Laboratory, School of Public Health, University of California, Berkeley, using the Illumina OmniExpress v1 platform, which contains 730 and 525 markers. Quality control filtering removed SNPs that were not on autosomal chromosomes, were missing in [2 % of samples, had minor allele frequency (MAF) of\2 %, or showed significant deviation from Hardy-Weinberg equilibrium in controls (p \ 1 9 10 -5 ). The resulting dataset of 634,037 SNPs was then subjected to additional quality control filtering in all samples. We excluded samples for which\98 % of loci were successfully genotyped, samples with discordant sex profiles (birth certificate vs. genetically determined sex), and samples displaying cryptic relatedness (based on identity-by-descent calculations with pi-hat cutoff of 0.15). Ten pairs of duplicate samples were included to assess assay reproducibility, with average concordance [99.99 %. In the current study, we included all SNPs that passed quality control and were located within ±10 kb of selected candidate genes. 119 SNPs were included in these analyses.
Proxy measures of early childhood exposure to infections
Information on daycare attendance, birth order, and history of infections was collected through in-person interview with the biological mothers. Detailed information on collection early childhood exposure to infections was presented previously [11] . Briefly, the child's birth order was determined based on a detailed pregnancy history obtained from the biological mother. Information on the child's social contacts outside the home was obtained through a history of daycare attendance before the date of diagnosis for cases and reference date for controls, or before age six, whichever occurred first. To examine the influence of daycare attendance during a specific time window of exposure, daycare attendance was censored at 6 months and 1 year of age. For each daycare the child attended, information on age attended, duration of time attended, hours per week, and numbers of other children were obtained [11, 25] . These data were used to calculate ''total child-hours of exposure'' for each child. Child-hours at each daycare facility were calculated as follows: (number of months attending the day care) 9 (mean hours per week at this day care) 9 (number of other children at this day care) 9 (4.35 weeks per month) [11, 25] . In this study, we dichotomized daycare attendance variable into ever/never because the distribution of child-hour attendance is binomial for the Hispanic population included in the study.
Respondents were also asked for a history of common infectious illnesses the child had during the first year of life, including severe diarrhea/vomiting, ear infection, persistent cough, mouth and eye infection, influenza, and unspecified ''other infection.''
Statistical analysis
Single SNP analyses were conducted assuming a log-additive model (0, 1, or 2 copies of the minor allele), using unconditional logistic regression in PLINK version 1.07 [26] . To adjust for potential population stratification in study samples, a principal component analysis approach was implemented in EIGENSTRAT [27] . The odds ratio (OR) and 95 % confidence intervals (CI) for each SNP were calculated to estimate the risk of ALL associated with each additional copy of the minor allele, adjusted for age, sex, and the first five genetic principal components. Significance criteria based on the Benjamini and Hochberg (BH) procedure for controlling the false discovery rate (FDR) were determined by using PLINK version 1.07 with a type I error rate of 5 % [12] . Significant regions were plotted using the online tool SNAP [28] . Logistic regression adjusting for age, sex, and income was used to estimate the OR and 95 % CI associated with proxies for early-life infections (the presence of older siblings, daycare attendance, and ear infections) and ALL risk.
Gene expression analysis
Association of genotypes and mRNA expression in IKZF1, ARID5B, and CEBPE was examined using mRNA data from lymphoblastoid cell lines derived from 45 MEX (Mexican ancestry in Los Angeles, California) HapMap individuals available from the database of the Gene Expression Variation (GENEVAR) project [29] . Spearman's rank correlation coefficient was used to estimate the strength of relationship between genotypes and intensity of gene expression [30] . Alternatively, nonparametric permutation p values were also provided to further evaluate the significance of nominal p values as implemented in GENEVAR [29] .
Gene-environment interaction analysis
To determine which SNPs in the three candidate regions contribute independently to disease susceptibility for subsequent gene-environment interaction analysis, we performed conditional haplotype analysis on all significant SNPs within the three gene regions as implemented in PLINK version 1.07. To evaluate whether the signals from these three candidate genes were independent from each other, the association between childhood ALL and each significant locus was tested using logistic regression, conditioning on all other SNPs in the region. To test for heterogeneity (interaction), we focused on the association between daycare attendance by critical development periods (age 6 months and 1 year of age), the presence of older siblings, and ear infections in infancy and ALL. The joint effects of proxies for early-life infections and the six SNPs selected from conditional haplotype analysis were evaluated using logistic regression, while adjusting for age, sex, income, and the first five genetic principal components (PCs). The three infection variables were chosen for evaluation in the joint effect analysis based on previous CCLS publications [14] . A dominant genetic model was assumed given small sample size. A p value of 0.2 or less for interaction was considered statistically significant given the available sample size, i.e., \350 observations [31] . The study has 80 % power to detect an interaction odds ratio of 2.0, assuming a minor allele frequency of 30 %, exposure prevalence of 20 %, an estimated OR of 1.3 for the genotype and the exposure, and a two-sided significance level of 0.05.
Results
Quality control filtering yielded 777 Hispanic individuals (323 ALL cases and 454 controls), and 119 SNPs were relevant to this analysis. Study characteristics for the Hispanic participants are described in Table 1 . The distributions of child's sex, age, and race/ethnicity were similar between cases and controls. Cases generally had lower annual household income compared to controls. Since Hispanics are a recently admixed group [32] , a proportion (34-37 %) of our Hispanic population reported ''Mixed or Other'' race and 49-51 % of them reported ''White and Caucasian'' race. In our data, the frequency of B-cell precursor (BCP) ALL is 91.9 % among Hispanics (n = 297), and the frequency of BCP high-hyperdiploid ALL ([50 chromosomes) for Hispanics is 30 % (n = 97).
Single SNP analyses
A summary of IKZF1 gene information and childhood ALL association results for SNPs with p \ 0.05 (based on correction for FDR using BH procedure) is provided in Table 2 . Ten of thirty-four SNPs examined in the IKZF1 gene showed evidence of associations among the Hispanic population (p FDR \ 0.05). The most significant single SNP result is rs7780012 (OR 0.50, 95 % CI 0.35-0.71, p FDR = 0.004), which maps to intron 2 of the IKZF1 gene ( Supplementary Fig. S1 ). The association remained significant when analyses were restricted to BCP ALL (OR 0.52, 95 % CI 0.36-0.74) or BCP high-hyperdiploid ALL (OR 0.56, 95 % CI 0.40-0.77) ( Table 5) .
A summary of ARID5B gene information and childhood ALL association results for SNPs with p \ 0.05 (based on correction for FDR using BH procedure) is provided in Table 3 . Eleven of fifty-seven SNPs examined in ARID5B showed evidence of association among the Hispanic population (p FDR \ 0.05). The most significant single SNP association, which maps to intron 3 of the gene ARID5B, is rs7089424 (OR 2.12, 95 % CI 1.70-2.65, p FDR = 1.16 9 10 -9 ) (Supplementary Fig. S2 ). The association signal remained significant when analyses were restricted to BCP ALL (OR 2.30, 95 % CI 1.83-2.94) or BCP high-hyperdiploid ALL (OR 3.05, 95 % CI 2.13-4.36) ( Table 5 ). Two additional SNPs in ARID5B (rs7090445 and rs4506592) were associated with ALL at a significance level of 10 -8 after FDR adjustment and are in linkage disequilibrium (LD) (r 2 = 0.77). Interestingly, the positive associations between ALL subtypes and ARID5B SNPs were stronger and remained significant when analyses were restricted to ALL cases with BCP high-hyperdiploid ALL (rs7090445, OR 3.07, 95 % CI 2.14-4.39; rs4506592, OR 0.35, 95 % CI 0.25-0.50) ( Table 5) .
A summary of CEBPE gene information and childhood ALL association results for SNPs with p \ 0.05 based on correction for FDR using the BH procedure is provided in Table 4 . Eleven of twenty-eight SNPs showed evidence of association among Hispanic population (P FDR \ 0.05). The most significant single SNP association, which maps to three region of CEBPE, is rs4982731 (OR 1.69, 95 % CI 1.37-2.08, P FDR = 2.35 9 10 -5 ) (Supplementary Fig. S3 ). SNP rs10143875 in CEBPE was also associated with ALL risk (OR 1.67, 95 % CI 1.36-2.07, P FDR = 2.35 9 10 -5 ) and is in complete LD with rs4982731 (r 2 = 1). When restricted to BCP high-hyperdiploid ALL, results for variants rs4982731 and rs10143875 were more strongly associated with this ALL subtype (OR 2.47, 95 % CI 1.76-3.48; OR 2.45, 95 % CI 1.75-3.45) ( Table 5) .
Expression quantitative trait loci (eQTLs) analysis
To explore whether the observed SNP associations might influence gene expression, we investigated the correlation between the most significant SNP within three candidate genes and publicly available mRNA expression data (Fig. 1) . Associations between both rs11980379 and rs4132601 risk genotypes and reduced IKZF1 expression were observed (p = 0.028 and p = 0.029, respectively; Fig. 1) , with lower expression being associated with the risk alleles. Associated variants within ARID5B and CEBPE did not appear to influence gene expression (data not shown).
Gene-environment interaction
To minimize the numbers of statistical tests, six independent SNPs from the three genes were selected using conditional haplotype analysis for further gene-environment interaction analysis, including three SNPs from IKZF1, one SNP from ARID5B, and two SNPs from CEBPE. Tests of association for the six SNPs stratified by daycare attendance (ever/never) were performed using a multiplicative model of interaction to estimate the joint effects between daycare attendance for different time periods and the six genetic variants (Supplementary Table  S1 and Supplementary Table S2 ). Daycare attendance was censored at the age of 6 months, and rs4982731 in CEBPE showed suggestive evidence for interaction on a multiplicative scale (p interaction = 0.07; Supplementary Table S1); however, after controlling for multiple comparisons, results were not significant. We did not find any evidence of interaction between the other SNPs and daycare attendance censored at the age of 1 year after FDR correction (p interaction [ 0.20) . Similarly, the presence of older siblings and ear infections in infancy showed no evidence of multiplicative interactions with the genetic variants in the risk of childhood ALL (data not shown). Adjusted p values and unadjusted p values for multiple comparisons a Odds ratio (OR) and 95 % confidence interval (CI) calculated using log-additive models adjusting for age, sex, and top five genetic principal components (PCs) b p values based on correlation for false discovery rate (FDR) using Benjamini and Hochberg (BH) procedure
Discussion
Our study is among the first to comprehensively assess genetic variation within the previously identified genes (IKZF1, ARID5B, and CEBPE) and further examine the joint effects between the genetic variation and proxies for early-life infections. There is no effect modification of genetic associations by proxies for early-life infections in the Hispanic population. In addition, our study also examines the functional relevance on gene expression levels in the Hispanic population. Among these genetic variants tested, rs11980379 and rs4132601 risk alleles within IKZF1 were correlated with reduced IKZF1 mRNA expression. Our results align well with previous observations of frequent IKZF1 somatic deletion in leukemic cells, indicating that a reduction in IKZF1 levels is pro-leukemic [6] .
To date, most research on childhood ALL has focused on non-Hispanic White populations. GWAS have established that inherited genetic variants are associated with childhood ALL, including IKZF1 (encoding the early lymphoid transcription factor IKAROS), ARID5B (encoding the AT-rich interactive domain 5B transcription factor), and CEBPE (encoding the transcription factor CCAAT/ enhancer-binding protein, epsilon) [6] [7] [8] [9] 33] . Subsequently, follow-up studies have shown consistent genetic associations with the risk of childhood ALL in different populations, including a large German replication study [34] , a Thai population [35] , a Polish population [36] , a French-Canadian cohort [37] , and African American children from St. Jude's Children's Hospital [38] .
In our previous publication, we replicated previously identified GWAS SNPs from non-Hispanic White population in the CCLS Hispanic population [39] . Our current study takes a more comprehensive approach and uses GWAS data to look at these three gene regions. The results are consistent with these previously published studies, indicating that causal SNPs are likely to be within or nearby these B-cell development-related genes. In particular, family members of the Ikaros gene are crucial for regulation of cell-fate decisions during hematopoiesis [40, 41] . In our California Hispanic population, we were able to confirm the association between IKZF1 and childhood ALL risk. IKZF1, which encodes Ikaros, is the founding member of a family of zinc finger transcription factors required for the development of all lymphoid lineages [40] . IKZF1 alterations are present in more than 70 % of BCR-ABL1 lymphoid leukemias and have been associated with poor prognoses in BCR-ABL ALL [42, 43] . Evidence from homozygous mutant mice has shown that deletion of IKZF1 leads to a rapid development of leukemia [44] . Interestingly, the observation of the correlation between the rs4132601 genotype and IKZF1 mRNA expression level in Epstein-Barr virus-transformed lymphocytes in our study is consistent with previous findings, and with the hypothesis that the variant may influence ALL risk by impacting on early B-cell differentiation [6, 45] . We observed the association at 10q21.2 encoding the AT-rich interactive domain 5B (ARID5B) with childhood ALL in the Hispanic population. Given the biological heterogeneity of ALL, risk variants are likely to have differential effects on ALL risk depending on cell lineage and phenotype [46] . Subtype analysis of B-cell precursor ALL provides strong evidence that variants at 10q21.2-ARID5B are highly associated with the risk of developing high-hyperdiploid childhood ALL in the Hispanic population, consistent with prior findings [6, 47] . One of the possible biological explanations is that constitutional variants of ARID5B are associated with trisomy 10 in highhyperdiploid ALL. Although ARID5B has not been studied extensively, it is highly conserved and plays a key role in embryonic development. In addition, ARID5B homozygous (Arid5b-/-) mice show immune abnormalities including a reduction in the B-cell progenitor [48] . In the present study, we also note the association between SNPs in CEPBE and childhood ALL risk. A few studies suggest a role for CEBPE (CCAAT/enhancer-binding protein, epsilon) in the development of childhood ALL. CEBPE is a suppressor of myeloid leukemogenesis [49, 50] . CEBPE, along with other CEBP family members, is targeted by recurrent IGH (immunoglobulin heavy) translocation in B-cell precursor ALL, supporting a role in susceptibility to ALL [51] . Even though the variants in ARID5B and CEBPE are not associated with their gene expression in our study, it is possible that trans-eQTL influences the gene expression from genes in further distance. More functional studies will be needed to examine the effects of trans-eQTL.
While the risk of developing ALL may be determined by complex interactions between genetic and environmental factors [10] , epidemiologic studies have thus far provided only indirect evidence that ALL has an infectious etiology, and no specific agent has been implicated [17] . In the current analysis, we investigated the joint effect of the genetic variants and surrogates of exposure to early-life infections on ALL risk. To minimize the number of statistical tests, six SNPs within the three genes (IKZF1, ARID5B, and CEBPE) were selected using conditional haplotype analysis. As in the previous CCLS studies, we Fig. 1 Correlation between rs7780012, rs11980379, and rs4132601 and IKZF1 expression using publicly available dataset*. The correlation between normalized IKZF1 gene expression and alleles of rs7780012, rs11980379, and rs4132601 was examined using Spearman's rank correlation. *Publicly available Sentrix Human-6 Expression BeadChips (Illumina) data on 45 lymphoblastoid cell lines derived from healthy Mexican ancestry in Los Angeles, California, as part of the HapMap 3 project as of June 2009 (GENEVAR project). Pemp = Empirical p value derived from 10,000 permutations used daycare attendance, the presence of older siblings, and ear infections in infancy as proxies for early-life infectious exposures in our Hispanic population [14] . No evidence of interaction was observed between these proxies for earlylife exposure to common infections with six genetic variants based on a multiplicative scale. Compared with the non-Hispanic White population in the CCLS, Hispanic children have fewer hours of daycare attendance, have more children living in the same household, have lower family income, and lower parental education (data not shown). All of these factors might contribute to the different patterns of childhood exposures to infection, as well as response to infections. A more refined measure of earlylife infections among Hispanics may be a better proxy, such as the total number of people living in the household at the time of child's birth and/or parental or other child's social contacts. However, such measures are not available in the study.
In an admixed population such as Hispanics, population stratification is a potential problem. However, the effect is likely to be minimal in the CCLS due to the careful matching of race and ethnicity obtained from the subjects [52] . Further, we used a principal component analysis (PCA) to successfully reduce the effects of potential population stratification (genomic control factor k = 1.02) ( Supplementary Fig. S4 ) [27] . Another major strength of the present study is the detailed assessment of early-life infection exposures such as daycare attendance. We calculated a composite variable ''child-hours'' to measure the duration of each individual attending daycare facility and number of other children at the facility [11] . However, the distribution of child-hour attendance is binomial for the Hispanic population included in the study; therefore, we used a dichotomous daycare attendance variable (ever/never) in the study.
One limitation of this study for assessing gene-environment interaction is the sample size. Even though the CCLS is one of the largest case-control studies in the USA with relevant biospecimens and environmental data, geneenvironment interactions with moderate-to-small effect sizes may not be detected. Another potential limitation of gene-environment analyses in our study is the influence of uncontrolled or residual confounding on risk estimates. The consideration of other surrogate indicators such as the total number of children/adults living in the household or definitive serologic evidence may be more suitable to address the gene-environment interaction in the Hispanic population. Furthermore, while performing gene-environment analyses, we focused on only six SNPs selected from conditional haplotype analysis; however, it is possible that other SNPs within the genes or the combination of these SNPs might have a joint effect with daycare attendance on ALL risk.
Our study showed that variants within IKZF1, ARID5B, and CEBPE were associated with increased ALL risk, and the effects for ARID5B and CEBPE were most prominent in the high-hyperdiploid ALL subtype in the California Hispanic population. Even though we did not observe significant gene-environment interactions in the study, identification of interactions between genetic variants and environmental risk factors may require much larger datasets. Replication studies with larger sample sizes in other Hispanic populations will be desirable to extend our results. Additional functional studies and re-sequencing of the relevant genetic regions are needed to better understand the role of these genes in early hematopoiesis.
